Lambda transducing phages containing portions of the phoA gene have been isolated and used to construct a deletion map of the phoA gene. The isolation of a plaque-forming lambda transducing phage carrying the entire phoA gene is also described. Two new methods for screening or selection of mutants that have altered levels of alkaline phosphatase activity are reported.
The structural genephoA, which codes for the enzyme alkaline phosphatase, is located between 8 and 9 min on the Escherichia coli linkage map (1) . A genetic map of the phoA gene has been previously presented, based mainly on two-factor crosses (7) . Four-factor crosses with mutations in the phoA gene and the nearby lac and proC genes have also been used to order mutations in the phoA gene relative to the nearby proC gene (10) . In this paper, we report a more accurate deletion map of phoA, using A transducing phages that contain varying lengths of the phoA gene.
MATERIALS AND METHODS Media and chemicals. The following media were used: M63 minimal medium, LB broth, F minimal top agar, TYE rich medium, and H top agar (9) . When it was necessary to use a medium in which the phosphate concentration could be varied, Tris minimal medium was used (3). Tris-low-phosphate medium contains KH2PO4 at 10-4 M. Tris-high-phosphate medium contains KH2PO4 at 10-2 M. Minimal medium agar contains the given sugar at 0.2% concentration and amino acids at 20 ,g/ml. Liquid minimal medium contains 0.4% glucose and amino acids at 20 tsg/ml. Streptomycin was added where indicated to a concentration of 114 gg/ml.
The concentration of 5-bromo-4-chloro-3-indolylphosphate (XP) and 5-bromo-4-chloro-3-p-D-galactoside (XG) was 40 jig/ml. The use of the indicator dye XP is the same as that described for XG (6) , except that XP is a substrate for the enzyme alkaline phosphatase.
Bacteria and phage strains. The bacterial strains and phage used are listed in Table 1 . Phage Mu(cts) (8) (9) , and the lysates were tested for the presence of A phage containing a part of the phoA gene. Drops of individual lysates were spotted on a lawn of a strain carrying the phoA mutation, S10, on Tris-glucose-XP agar containing no added phosphate.
The S1O mutation lies at the end of the phoA gene closest to the proC gene (10) . Those Strains carrying the phoA mutations in a proC background were lysogenized with the various A transducing phages. Purified lysogens were grown up overnight in 5 ml of broth, and 0.1 ml of the suspension was then plated on Tris-minimal glucose-XP agar. This allows the accumulation and multiplication of recombinants. The method is sensitive enough to detect recombination frequencies of 10-. Strains containing point mutations, deletions, or Mu(cts) or Tn5 insertions were analyzed in this way.
RESULTS
We have used the general approach described by St. Girons and Margarita (12) preliminary results which indicate that fusions of lacZ to proC can be obtained only when lac is inserted in the chromosome in the opposite orientation from that in strain MPh21 (A. Sarthy and J. Beckwith, unpublished data).
Isolation of ApphoA (deletion) phages and construction of a fine structure genetic map of the phoA gene. We anticipated that the phage lysate that contained the A pphoA+ phage would also contain a series of A phages carrying only portions of the phoA gene. These phages could then be used to construct a finestructure genetic map of the phoA gene. Since the A pphoA + phage also carried the proC gene, we screened the AproC+ phages from the phage lysate of MPh21 for those which carried part of the phoA gene, as described in Materials and Methods. From this screening, we obtained 13 phages which carried part but not all of the phoA gene. These phages were crossed with various phoA mutations, including point mutations, Tn5 insertions, and Mu insertions. The results of these crosses yield the deletion map of the phoA gene presented in Fig. 1 .
Of the mapping phages used in this study which were tested, XPh2O2, -203, -211, -247, -250, -279, -290, and -296 were plaque-forming A phages, whereas XPh2O7 and -231 were defective (S. Goldberg, personal communication). In characterizing these phages, we demonstrated that one of them, XPh2O3, contains an internal deletion of the phoA gene. DISCUSSION
We have isolated a series of A transducing phages which contain various segments of the phoA gene. The technique for obtaining these phages involves the use of a specialized A transducing phage to first generate fusions of the lac operon to a promoter of a gene located near the phoA gene. Thus, the A phage is positioned close to thephoA gene. Since the regions of homology used in the insertion of A in this region have been removed by the fusion event, only aberrant excisions can generate A phages. These A phages occasionally carry either the entire phoA gene or portions of it. The technique described here is based on the approach developed in this laboratory for mapping ofthe thr and malB operons (12, 15) . The disimilarity in this technique is that we did not isolate A transducing phages carrying the lac operon fusion itself, but those containing a functional proC gene along with regions ofphoA.
These phages have allowed us to construct an unambiguous fine-structure map of the phoA gene. Our results indicate that some mutations in the previously published map (7) rectly positioned. The errors in the previous map may be due to the use of two-factor crosses, which do not always give an accurate map order (11) . A deletion in the phoA gene, E15, which was originally characterized as spanning one end of thephoA gene (7), can be seen from this map to be an internal deletion in phoA, since it does recombine with a mutation in phoA which is close to the proC gene.
The A transducing phages containing different segments ofphoA have been used to map various Mu(cts) insertions in phoA. Using the Casadaban technique (4), we have isolated lacZ fusions to the phoA operon, starting with strains containing Mu(cts) insertions in phoA. The map presented here has allowed us to characterize thephoA region contained inphoA-lacZ fusions isolated on X transducing phages (13) . In addition, the accurate map of the phoA gene has allowed us to obtain evidence to establish that the direction of transcription of the phoA gene on the E. coli chromosome which was previously proposed is incorrect (14) .
Finally, the A pphoA+ phage described here provides a means of screening for mutants that affect the regulation and expression ofphoA. It is also being used to characterize phoA DNA corresponding to the promoter of the phoA gene and amino-terminal segment of alkaline phosphatase (H. Inouye, unpublished data).
We wish to point out that two new selective techniques for the genetic analysis of the alkaline phosphatase synthesis are reported in this paper: (i) a technique to screen for strains containing mutations which reduce expression of alkaline phosphatase synthesis (the glpD selection) and (ii) a positive selection for mutants that increase the expression of the phoA gene (use of XP-containing media).
